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Fig. S1 SEM micrographs of (a) NLDPC-700-4-2, (b) NLDPC-900-4-2, (c) NLDPC-

800-4-1, and (d) NLDPC-800-4-3.



Fig. S2 Fitted Raman spectra of (a) NLDPC-700-4-2, (b) NLDPC-800-4-2, (c) 

NLDPC-900-4-2, (d) NLDPC-800-4-1, and (e) NLDPC-800-4-3 by using Voigt 

function.
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Table S1 Peak characteristics of the D- and G-band of the Raman spectra.

Sample
Position
(cm-1)

FWHM
(cm-1)

ID/IG

D-mode 1344 136
NLDPC-700-4-2

G-mode 1603 76
2.54

D-mode 1342 126
NLDPC-800-4-2

G-mode 1604 74
2.32

D-mode 1345 119
NLDPC-900-4-2

G-mode 1603 73
2.10

D-mode 1341 121
NLDPC-800-4-1

G-mode 1597 74
1.72

D-mode 1337 130
NLDPC-800-4-3

G-mode 1605 74
2.88



Table S2 Relative surface concentrations (%) of nitrogen and oxygen species 
obtained by fitting N1s and O1s core level XPS spectra.

Sample N-6 N-5 N-Q N-X O-I O-II O-III

NLDPC-700-4-2 28.95 29.79 22.19 19.07 6.04 54.06 39.90

NLDPC-800-4-2 21.39 23.28 33.11 22.22 4.64 61.99 33.37

NLDPC-900-4-2 10.57 14.57 49.42 25.44 2.52 44.11 53.36

NLDPC-800-4-1 23.66 42.66 18.68 15.00 1.60 63.62 34.78

NLDPC-800-4-3 14.55 16.47 41.71 27.27 2.85 82.87 14.28



Table S3 Absolute surface concentrations (%) of nitrogen species obtained by fitting 
N1s core level XPS spectra.

Samples N-6 N-5 N-Q N-X

NLDPC-700-4-2 1.59 1.64 1.22 1.05

NLDPC-800-4-2 0.70 0.76 1.08 0.73

NLDPC-900-4-2 0.24 0.34 1.14 0.59

NLDPC-800-4-1 0.95 1.72 0.75 0.60

NLDPC-800-4-3 0.16 0.19 0.47 0.31



Fig. S3 High-resolution XPS C1s spectra of (a) NLDPC-700-4-2, (b) NLDPC-900-4-

2, (c) NLDPC-800-4-1, and (d) NLDPC-800-4-3.
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Fig. S4 High-resolution XPS N1s spectra of (a) NLDPC-700-4-2, (b) NLDPC-900-4-

2, (c) NLDPC-800-4-1, and (d) NLDPC-800-4-3.
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Fig. S5 High-resolution XPS O1s spectra of (a) NLDPC-700-4-2, (b) NLDPC-900-4-

2, (c) NLDPC-800-4-1, and (d) NLDPC-800-4-3.
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Fig. S6 CV curves of (a) NLDPC-700-4-2, (b) NLDPC-800-4-2, (c) NLDPC-900-4-2, 

(d) NLDPC-800-4-1, and (e) NLDPC-800-4-3 at different scan rates.
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Fig. S7 Galvanostatic charge-discharge profiles of NLDPC samples tested at (a) 20 A 

g-1, and (b) 50 A g-1.
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Table S4 Comparison of capacitance and energy density of carbon-based electrodes

for supercapacitors.

Sample
Electrolyte

(Voltage range)
Capacitance 

Capacitance 
retention (%)

Cyclability Energy

NLDPC-
800-4-2
(this work)

EMIM BF4 
(0-3 V)

163 F g−1 
at 0.5 A g−1

110 F g−1

at 100 A g-1

68
(0.5-100 A g-1)

92% after 
10 000 

cycles（10 A 
g-1）

50 W h kg-1 
at 373 W kg-1

21 W h kg-1 

at 40 kW kg-1

TEA BF4/AN 
(0-2 V)

111 F g−1 
at 1 A g−1

90 F g−1

at 10 A g-1

81
(1-10 A g-1)

- -
Activated 
porous 
carbon 
sphere1 EMIM BF4 

(0-3 V)

170 F g−1 
at 1 A g−1

86 F g−1

at 10 A g-1

51
(1-10 A g-1)

- -

EMIM BF4 
(0-3 V)

-
75

(0.1-30 A g-1)

90% after 
4 000 

cycles（10 A 
g-1）

21.5 W h kg-1 
at 19 kW kg-1Bimodal 

micro-
mesoporous 
carbons2 EMIM BF4/AN 

(0-3 V)
-

78
(0.1-50 A g-1)

98% after 
1 000 

cycles（10 A 
g-1）

25 W h kg-1 
at 19 kW kg-1

EMIM BF4

(0-3 V)
144 F g-1

at 5 mV s-1
- -

45 W h kg-1 
at 4.0 kW kg-1Carbon 

nanotubes3 BMIM BF4 
(0-3 V)

150 F g-1

at 5 mV s-1
- -

47 W h kg-1 
at 4.3 kW kg-1

TEA BF4/PC 
(0-3 V)

140 F g-1

at 0.05 A g-1

92.1 F g-1

at 10 Ag-1

66
(0.05-10 A g-1)

82.1% after 
10 000 cycles 

(2.5 A g-1)
43.7 W h kg-1

C/C 
composites4

EMIM BF4 
(0-3.5 V)

156 F g-1

at 0.05 A g-1

95 F g-1

at 10 Ag-1

61
(0.05-10 A g-1)

91.9% after 
5 000 cycles 
(2.5 A g-1)

66.3 W h kg-1 
at 43.7 W kg-1

40.5 W h kg-1 
at 8750 W kg-1

Carbon 
nanosheet 
framework5

EMIM BF4 
(0-3.5 V)

-
50.7

(1-20 A g-1)

88.5% after 
5 000 cycles 

(3 A g-1)

60.4 W h kg-1 
at 1.75 kW kg-1



Mesoporous 
activated 
carbon6

EMIM BF4 
(0-3.5 V)

188 F g-1 
at 1 A g-1

- -
80 W h kg-1 

at 870 W kg-1

EMIM BF4 
(0-3.5 V)

172 F g-1 
at 2 A g-1

125 F g-1

at 100 A g-1

73
(2-100 A g-1)

90% after 
100 000 
cycles 

(100 A g-1)

73 W h kg-1 
at 3.5 kW kg-1 

53 W h kg-1 
at 175 kW kg-1

EMIM BF4 
(0-4 V)

192 F g-1 
at 5 A g-1

148 F g-1

at 100 A g-1

77
(5-100 A g-1)

81% after 
80 000 cycles 

(100 A g-1)

106 W h kg-1 
at 10 kW kg-1

82 W h kg-1 
at 200 kW kg-1

EMIM TFSI  
(0-3.5 V)

190 F g-1 
at 2 A g-1

143 F g-1

at 100 A g-1

74
(2-100 A g-1)

89% after 
10 000 cycles 

(100 A g-1)

81 W h kg-1 
at 3.5 kW kg-1

61 W h kg-1 
at 175 kW kg-1

High-
temperature 
synthesis 
graphene7

EMIM TFSI  
(0-4 V)

244 F g-1 
at 5 A g-1

173 F g-1

at 100 A g-1

71
(5-100 A g-1)

70% after 
10 000 cycles 

(100 A g-1)

135 W h kg-1 
at 10 kW kg-1

96 W h kg-1 
at 200 kW kg-1

RGO-IL-
MNCNTs8

EMIM BF4 
(-2.3-1.7 V)

201.6 F g-1 
at 0.1 Ag-1

-
93.6% after 

10 000 cycles 
(2 A g-1)

131.8 W h kg-1 
at 892.6 W kg-1

Graphene 
/activated 
carbon 
hydrogel9

EMIM BF4 
(0-3 V)

116.6 F g-1

 at 1 Ag-1
-

74.4% after 
20 000 cycles 

(10 A g-1)

36.4 W h kg-1 
at 633.7 W kg-1

EMIM TFSI 
(0-3 V)

35 F g-1 
at 0.1 A g-1

- - -

EMIM PF6 
(0-3 V)

45 F g-1 
at 0.1 A g-1

- - -

Corncob 
derived 
activated 
porous 
carbon10 EMIM BF4 

(0-3 V)
80 F g-1 

at 0.1 A g-1
-

50% after 
500 cycles 
(0.1 A g-1)

25 W h kg-1 
at 174 W kg-1

Carbide-
derived 
carbon11

EMIM BF4 
(0-3 V)

129 F g-1 
at 0.1 A g-1

- - -



TEA BF4/PC 
(0-2.7 V)

180 F g-1 
at 0.5 A g-1

157 F g-1

 at 10 A g-1

87
(0.5-10 A g-1)

84% after 
10 000 cycles 

(5 A g-1)

38 W h kg-1 
at 574 W kg-1

21 W h kg-1 
at 11.5 kW kg-1

High-
mesopore-
volume 
nanocarbon
s12

EMIM BF4 
(0-3.5 V)

215 F g-1 
at 0.5 A g-1

148 F g-1 
at 10 A g-1

69
(0.5-10 A g-1)

-

76 W h kg-1 
at 744 W kg-1

34 W h kg-1 
at 14.9 kW kg-1

SET3 TFSI 
(0-2.5 V)

95.8 F g-1 
at 5 mV s-1

80 F g-1 
at 30 mV s-1

84
(5-30 mV s-1)

- -

rGO13

SET3 TFSI/GO 
(0-2.5 V)

125.3 F g-1 
at 5 mV s-1

110.6 F g-1 
at 30 mV s-1

88
(5-30 mV s-1)

65% after 
3 000 cycles 
(1.5 A g-1)

17.7 W h kg-1 
at 875 W kg-1

Carbon 
nanosphere1

4

EMI BF4 
(0-3.4 V)

156 F g-1 
at 2 mV s-1

88 F g-1 
at 100 mV s-1

56
(2-100 mV s-1)

- -

Coarse-
grained 
carbide 
derived 
carbon15

NET4 BF4/AN 
(0-2.5 V)

134 F g-1 
at 2 mV s-1

100 F g-1 
at 250 mV

75
(2-250 mV s-1)

- -

Mesoporous 
carbon16

Nafion 
(1-2.5 V)

134.73 F g-1 
at 0.18 A g-1

118.29 F g-1 
at 1.8 A g-1

88
(0.18-1.8A g-1)

-
33.79 W h kg-1 
at 1.03 kW kg-1

Ordered 
mesoporous
carbon17

EMIM BF4 
(-2-2 V)

186 F g-1 
at 0.25 A g-1

140 F g-1 
at 20 A g-1

75
(0.25-20 A g-1)

93% after 
5 000 cycles 

(2 A g-1)
-

N-doped 
mesoporous 
carbon18

TEA BF4/AN 
(0-3 V)

111 F g-1 
at 0.5 A g-1

96 F g-1 
at 10 A g-1

86
(0.5-10 A g-1)

92% after 
5 000 cycles 

(10 A g-1)

35 W h kg-1 
at 411 W kg-1

21 W h kg-1 
at 12 kW kg-1

Hierarchical 
porous 
carbon19

EMI BF4 
(0-3.5 V)

141 F g-1 
at 1 A g-1

105 F g-1 
at 80 A g-1

74
(1-80 A g-1)

93% after 
10 000 cycles 

(10 A g-1)

59.8 W h kg-1 
at 875 W kg-1

44.7 W h kg-1 
at 73.1 kW kg-1



Ionic liquid 
modified 
reduced 
graphene 
oxide20

EMIM BF4 
(0-3.5 V)

135 F g-1 
at 0.5 A g-1

114 F g-1 
at 20 A g-1

85
(0.5-20 A g-1)

92% after 
2 000 cycles 

(10 A g-1)

49 W h kg-1 
at 18 kW kg-1



Fig. S8 CV curves of (a) NLDPC-700-4-2, (b) NLDPC-900-4-2, (c) NLDPC-800-4-1, 

and (d) NLDPC-800-4-3 at 0.1 mV s-1.
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Fig. S9 Charge-discharge curves of (a) NLDPC-700-4-2, (b) NLDPC-900-4-2, (c) 

NLDPC-800-4-1, and (d) NLDPC-800-4-3 at 0.1 A g-1.
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Fig. S10 (a)Rate capability at different current densities of super P. (b) The real 

specific capacity of NLDPCs sample at different current densities.(c) The total 

specific capacity and real specific capacity of NLDPC-800-4-2 sample at different 

current densities.
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Fig. S11 The Nyquist plots for NLDPC-800-4-2 (a) before cycling and (b) after 500

cycles.

0 20 40 60 80 100
0

20

40

60

80

100

after cycling

-Z
''(

oh
m

)

z'(ohm)

b

0 20 40 60 80 100
0

20

40

60

80

100

 before cycling

-Z
''(

oh
m

)

Z'(ohm)

a



Fig. S12 CV curves at difffferent scan rates of (a) NLDPC-700-4-2, (b) NLDPC-900-

4-2, (c) NLDPC-800-4-1 and (d) NLDPC-800-4-3. 
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Fig. S13 Selected cathodic and anodic b values of peak currents (as indicated in Fig. 

S12) for (a) NLDPC-700-4-2, (b) NLDPC-900-4-2, (c) NLDPC-800-4-1 and (d) 

NLDPC-800-4-3.
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Fig. S14 The capacitive contribution of (a) NLDPC-700-4-2, (b) NLDPC-800-4-2,(c) 

NLDPC-900-4-2, (d) NLDPC-800-4-1 and (e) NLDPC-800-4-3 at a scan rate of 1 mV 

s-1. 
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Table S5 Comparison of capacity of carbon-based electrodes for lithium-ion battery.

Sample
Electrolyte

(Voltage range)

Initial 
coulombic 
efficiency 

(%)

Rate capacity Cyclability

NLDPC-800-
4-2
(this work)

1 M LiPF6

 (0.01-3V)
55.1

1262 mA h g-1 at 0.1 A g-1;
730 mA h g-1 at 0.5 A g-1;
256 mA h g-1 at 5 A g-1;

178 mA h g-1 at 10 A g-1;

439 mA h g-1 after 500 
cycles at 1 A g-1

N/S co-doped 
carbon21

1 M LiPF6

(0.01-3V)
75.6

1188 mA h g-1 at 0.1 A g-1;
463 mA h g-1 at 5 A g-1;

653 mA h g-1 after 500 
cycles at 1 A g-1

Toast-like 
porous 
carbon22

1 M LiPF6

(0.01-3V)-
35

1047 mA h g-1 at 0.1 A g-1;
653 mA h g-1 at 0.5 A g-1;

516 mA h g-1 at 1 A g-1;

730 mA h g-1 after 650 
cycles at 1 A g-1;

419 mA h g-1 after 1400 
cycles at 4 A g-1

Carbon 
nanosheet23

1 M LiPF6

(0.01-3V)
50.

870.2 mA h g-1 at 0.05 A g-

1;
320 mA h g-1 at 10 A g-1;

240 mA h g-1 at 20 A g-1;

1240 mA h g-1 after 125 
cycles at 0.05 A g-1;

415 mA h g-1 after 1300 
cycles at 5 A g-1

Ultrathin 
amorphous 
carbon 
nanosheet4

1 M LiPF6

(0.01-3V)
59.4

731 mA h g-1 at 0.1 A g-1;
447 mA h g-1 at 0.5 A g-1;
315 mA h g-1 at 5 A g-1;

283 mA h g-1 at 10 A g-1;

680 mA h g-1 after 700 
cycles at 1 A g-1;

579 mA h g-1 after 900 
cycles at 2 A g-1;

396 mA h g-1 after 900 
cycles at 5 A g-1

Phosphorous 
inside multi-
walled carbon 
nanotube24

1 M LiPF6

(0.01-3V)
-

446 mA h g-1 at 0.5 A g-1;
361 mA h g-1 at 1 A g-1;

246 mA h g-1 at 5 A g-1;

444 mA h g-1 after 500 
cycles at 0.5 A g-1

Nitrogen and 
halogen dual-
doped porous 
carbon25

1 M LiPF6

(0.01-3V)
54.2

664 mA h g-1 at 1 A g-1;
456 mA h g-1 at 5 A g-1

1010.3 mA h g-1 after 
500 cycles at 1 A g-1;

461 mA h g-1 after 800 
cycles at 5 A g-1

Hierarchical 
porous carbon 
microsphere26

1 M LiPF6

(0.01-3V)
54.52

1140 mA h g-1 at 0.05 A g-

1;
467.6 mA h g-1 at 0.5 A g-1;
232.9 mA h g-1 at 2 A g-1;

870 mA h g-1 after 
120 cycles at 0.05 A g-1



Hierarchical 
N-doped 
porous 
carbon27 

1 M LiPF6

(0.005-3V)
65.9

747 mA h g-1 at 0.05 A g-1;
475 mA h g-1 at 0.4 A g-1;

348 mA h g-1 at 1.6 A g-1;

740 mA h g-1 after 
100 cycles at 0.05 A g-

1;
552 mA h g-1 after 450 

cycles at 0.4 A g-1

Hierarchically 
porous 
carbon28

1 M LiPF6

(0.01-3V)
54.1

1200 mA h g-1 at 0.1 A g-1;
750 mA h g-1 at 0.5 A g-1;

300 mA h g-1 at 5 A g-1;

1200 mA h g-1 after 
50 cycles at 0.1 A g-1;
550 mA h g-1 after 500 

cycles at 1 A g-1;
370 mA h g-1 after 500 

cycles at 5 A g-1

Boron and 
nitrogen dual-
doped 3D 
carbon 
nanofiber29

1 M LiPF6

(0.02-3V)
-

1130 mA h g-1 at 0.1 A g-1;
375 mA h g-1 at 5 A g-1;
272 mA h g-1 at 10 A g-1

Negligible capacity loss 
after 5000 cycles at 2 A 

g-1

Nitrogen 
enriched 
spherical 
carbon 
particle30

1 M LiPF6

(0.01-2.5V)
56

746 mA h g-1 at 0.1 A g-1;
639 mA h g-1 at 0.5 A g-1;

820 mA h g-1 after 100 
cycles at 0.1 A g-1;

623 mA h g-1 after 500 
cycles at 0.5 A g-1

N/P dual-
doped hollow 
carbon 
fibers/graphiti
c carbon 
nitride31

1 M LiPF6

(0-3V)
55

1217 mA h g-1 at 0.1 A g-1;
955 mA h g-1 at 0.5 A g-1;

328 mA h g-1 at 10 A g-1;

1030 mA h g-1 after 
1000 cycles at 1 A g-1;

360 mA h g-1 after 4000 
cycles at 10 A g-1

Hard carbon 
nanoshell32

1 M LiPF6

(0.01-3V)
53.4

1253 mA h g-1 at 0.1 A g-1;
175 mA h g-1 at 20 A g-1;

1236 mA h g-1 after 100 
cycles at 0.1 A g-1

Nitrogen-
deficient 
graphitic 
carbon 
nitride33

1 M LiPF6

(0-3V)
45.7

860 mA h g-1 at 0.1 A g-1;
359 mA h g-1 at 10 A g-1;

328 mA h g-1 at 20 A g-1;

2753 mA h g-1 after 190 
cycles at 0.1 A g-1

Nitrogen-
doped porous 
carbon28

1 M LiPF6

(0.01-3V)
55.4

613 mA h g-1 at 0.5 A g-1;
223 mA h g-1 at 5 A g-1;
173 mA h g-1 at 10 A g-1

300 mA h g-1 after 500 
cycles at 2 A g-1



Orderly 
meso-
perforated 
spherical and 
apple-shaped 
3D carbon34

1 M LiPF6

(0.01-3V)
40

1072 mA h g-1 at 0.2 A g-1;
772 mA h g-1 at 0.5 A g-1;

276 mA h g-1 at 5 A g-1

1716 mA h g-1 after 175 
cycles at 0.2 A g-1;

500 mA h g-1 after 500 
cycles at 1 A g-1

Carbon 
nanosheet35

1 M LiPF6

(0.01-3V)
53.9

654 mA h g-1 at 0.1 A g-1;
463 mA h g-1 at 0.5 A g-1;

280 mA h g-1 at 5 A g-1

600 mA h g-1 after 500 
cycles at 1 A g-1

Sandwich-
like 
nanosheet36

1 M LiPF6

(0.01-3V)
48.5

575.7 mA h g-1 at 0.1 A g-1;
507.8 mA h g-1 at 0.5 A g-1;

643 mA h g-1 after 60 
cycles at 0.1 A g-1;

788.9 mA h g-1 after 
500 cycles at 1 A g-1;

406 mA h g-1 after 2700 
cycles at 5 A g-1

2D/3D carbon 
hybrids37

1 M LiPF6

(0.005-3V)
-

775 mA h g-1 at 0.1 A g-1;
527 mA h g-1 at 0.5 A g-1;

241 mA h g-1 at 5 A g-1

636 mA h g-1 after 160 
cycles at 0.1 A g-1;

365 mA h g-1 after 1000 
cycles at 2 A g-1

N, O-codoped 
hierarchical 
porous 
carbon38

1 M LiPF6

(0.01-3V)
64

650 mA h g-1 at 0.5 A g-1;
220 mA h g-1 at 5 A g-1;

170 mA h g-1 at 10 A g-1;

350 mA h g-1 after 500 
cycles at 2 A g-1

Interconnecte
d highly 
graphitic 
carbon 
nanaosheet39

1 M LiPF6

(0-3V)
62.9

486.9 mA h g-1 at 0.5 C;
305 mA h g-1 at 5 C;

161.4 mA h g-1 at 10 C;

300.9 mA h g-1 after 
500 cycles at 1 C;

215 mA h g-1 after 2000 
cycles at 5 C;

139.6 mA h g-1 after 
3000 cycles at 10 C
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